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tubular fonn. 

BACKGROUND OF THE INVENTION 

{003] Many areas of polymer processing require multiple layers of different poiyincrs to be co-extruded into 
a single tubular form. One example is the blown film process whicli is used to make most of today's 
commodity bags and also high baitlet food packagii^g. Alihouglt uudli-%cr paukaglug wuj be made fiotu 
co-extrudcd flat film, using a tubular form presents fewer sealing operations, results in less trim scrap and is 
jjjorc oariduclvc lo certain product shapes. 

[004] Tubular forms are used in many applications including the production of multilayer pipe or tubing, 
pipe coftting., wire coating, and tiie production of multi-layer parisons for Wow molding. Tvibular parisoiis are 
used in making containers of various shapes as annular dies arc typically easier to manufactui-e tlian dies of 
other shapes, such as oval or square. Annular co-extrusion dies are commonly used to process high volume 
commodity resins as well as relatively low volumes of barrier type resins. 

[005] Annular co-extrusion dies are generally of one of two arrangements; namely axially fed and radially 
fed. Jn either type of arrangemem, melt is introduced into an inlet port from where it has to be evenly 
distribtited about the circumference of an annular outlet. Good flow distribution is essential to fomiing jllm 
Imving layers which are uniform in thickness, appearance and structural integrity. In axially fed co-extrusion 
dies, melt is fed in a direction parallel to the axis of ihe tubular form to be extmded.. Each layer is formed 
between respective die elements which are generally concentrically disposed in a mamier analogoiLS to cups of 
different diameier stacked one within an other. The individual layers are merged upstream in an extrusion 
passage through which the co-extruded film is discharged. 

[006] In radially fed co-extrusion dies, melt distribution blocks are stacked one behind another along u die 
axis and melt is fed radially relative to the die axis into a respective inlet port in each melt distribution block. 
The melt, di.strihiition hlocVs cUsti ibute the melt about a cejitral maitdrel and discharge the melt in an axial 
direction into an extmsion passage between the melt distribution blocks and the mandrel. Each consecutive 
melt disuibuiion block applies ^ ov9t\ymg meJt Jayw to the melt moving along the extrusion pfl.<«?agfi, 

[007] Axially stacked radially fed co-exUaision dies are advamageous in that it is relatively simple to vary 
Uie number of layers by varying the number of "modules" stacked along the die. Furthermore, each level 
presents a similar area md the levels are more easily thermaUy isolated than possible with axially fed 
CO extrusion dies in which heat from one die element is difficult to isolate from adjacent die elements. Even 
melt distribution is however a much more challenging pi-oblcm with radially fed co-exU-usion dies because of a 
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tubular form, 

BACKGROUND OF THE INVENTION 

[003] Many areas of polymer processing require multiple layers of different polymers lo be co-extnided into 
a single tabular form. One example is the blown film process which is used to make most of today^s 
commodity bags and also high baiiii&r food packa^ii^g. AllKouglji uuJu-kycr p<auka^iu^ ciui be; made from 
co-extruded flat film* using a tubular form presei^ts fewer sealing operations, results in less trim scrap and is 
rjjurc oonduolvc to certain product shapes. 

[004] l\ibular forms are used in many applications including the production of multilayer pipe or tubiag, 
l^ipo co^^^ting, wire coating, and the production of multi-layer parisons for blow molding. Tubular parisous arc 
usc<i in making containers of various shapes as annular dies are typically easier to manufacture tiian dies of 
other shapes, such as oval or square. Annular co-extrusion dies are commonly used to process high volume 
commodity resins as well as relatively low volumes of barrier type resins. 

[005] Annular co-extrusion dies are generally of one of two arrangeinenis; namely axially fed and r^ulially 
fed. In cither type of arrangement, melt is introduced into an inlet port from where it lias to be evenly 
distributed about the circumference of an annular outlet. Good flow distribution is essential to forming film 
having la>-ers which are uniform in thickness, appearance and structural integrity. In axially fed co-extrusion 
dies, melt is fed in a direction parallel to the axis of ihe tubular form to be extruded.. Each layer is formed 
between respective die elements which are generally concentrically disposed in a mamier analogoits to cups of 
different diameter stacked one within an other. The individual layers are merged upstream in an extrusion 
pas.<iage through which the co-extruded film is discharged. 

[006] In radially fed co-extrusion dies, melt distribution blocks are stacked one behind anoiljer along « die 
axis and melt is fed radially relative to the die axis into a respective inlet port in each melt distribution block. 
The melt distribution h]och<^ distj ibute the melt about a central msuidrel and discharge the melt in an slxM 
direction into an extrusion passage between the melt distribution blocks and the mandrel. Each consccuiive 
melt disixibution block applic$ an overlying m^lt J?^yer to the melt moving along the exfrusion pafviagc, 

[007] Axially stacked radially fed co-exUxision dies are advantageous in that it is relatively simple to vary 
tlie number of layers by varying the number of "modules" stacked along the die. Furthermore, each level 
presents a similar area ajid the levels are more easily thermally isolated than possible with axially fed 
co-extrusion dies in which heat from one die elemejit is difficult to isolate from adjacent die elements. Even 
melt distribution is how€\'©r a much more challenging problem with radially fed co-cxti-usion dies beccUisc of & 
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nuich shorter axial distaaco babg available for melt cquolizailon and th^ YtqulvtmtiiX lo redirect melt flow 
from a racfial to an axial direction after the mctt has been distributed into a ihin film. 

[008] It is an object of the present invention to provide a radially fed multilayer extrusion die which is 
effective in providing a uniformly thick fibn of melt to an extrusion passage. 

[009] It is a further object of the present invention to provide a melt distribution block for a radially fed 
multilayer extrusion die which can accept and combine two different types of melt, 

[0010] It is yet a further object of the present invention to provide a melt distj-ibution block for an extrusion 
die having a matched pair of distribution passages so configuj-ed and oriented as to cause an averaging of 
extruded film tbickaiess by matching high flow areas of one of said pair of passages with lower flow aress of 
the other of said pair of passages. 

SUMMARY OF THE INVENTION 

[00 U ] A melt distribution block for feeding melt through an extrusion die to aji extrusion passage. Ti)c melt 
disUibulion block has a generally aamular body with an inner face extending about the extrusion passage, an 
outer face radially outward of the inner face and opposite front and rear faces. The front and rear faces each 
have a sej'ics of flow divider channels thereon which extend in a generally radially inward direction from an 
h\hi ll iiuff^li rt ^v":l Ir uf fluw diverting blfbrcarions wh!ch terminate m a plurality of tccd spirals. Hach of the 
feed spirals substantially encircles the inner facft a<id narrows toward a radially inwardly dispos^jd end ITic 
feed spirals on the front and reai^ faces curve in respectively opposite directions. An inlet port extends into the 
outer face to fiuidly communicate with the inlet of the flow divider cliannels. 

[0012] A melt distribution die has an axially stacked array of melt distribution blocks of the type described 
above inlcj^pcrsed with separator blocks extending radially about a centrally disposed mandrel An extrusion 
passage is defined between the mandrel and the stacked array of melt distribution and separator blocks. The 
separator blocks cover the flow divider channels to maintain melc flow within the flow divider channels. The 
separator blocks are spaced apart from the feed spirals to define a generally contijiuuus melt outlet passage 
extending into the extj'usion passage. 

[0013] In order to thermally isolate adjacent feed spirals, the separator blocks may be provided with a nKlially 
extending insulating zone generally corresponding in location to the feed spirals. 

DESCRIPTION or DRAWINGS 

(00 14] Preferred embodiments of the invention arc described below with reference to the accompanying 
ch'awing$ in which: 

Figure 1 is a perspective view of a melt distribution block according to the present invention; 

Figure 2 is a perspective view corresponding to Figure 1 but showing an opposite face of a melt distribution 

block according to the present invention; 

Figure 3 is a lop plan view of a melt distribution block according to the present invention; 
Figure 4 is a bottom plan view of a melt distribution block according to the present invention; 

Figure 5 is a section on line 5-5 of Figure 4; 

Figure 6 is sj) axial section through a melt distribution die according to the present invention; 

Figure 7 is an axial sectional view illustrating one half of a melt distribution block according to the present 



si;:' ooa ouy^ 



invention mounted between two separator blocks; and, 

Figure 8 is an axial s^iioa through n mdT distribution did according to an altcruaslc cuibodimem of tho present 
invenlmn 
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a vi^w of a groove- face 6iuiil<±i to that shown in Fig 1. 


Fig 


10 


is 


a 


diagramatic view showing another grooves layout* 
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is 


a 


diagrammatic view showing a further grooves layout* 


Fig 


12 


is 


a 


diagrammatic view showing yet another grooves layout 


Fig 


13 


is 


a 


close-up of a portion of Fig 9. 



DESCRIPTION OF PREFERRED EMBODIMENTS 

[0015] A melt dictribution block accordirig to the pic:>cnL iiAvention Is generally indicated by releiencc tO in 
the accompanying illustrations. The melt distribution block has a generally annular body 12 with an inner fac^ 
1 4 whicJi, in use, extends about and defines part of an outer surface an extrusion passage 16 in Figures 6 and 7. 
The melt distiibulion block 10 has an outer face 1 8 radially outward of the inner face 14, a front face 20 in 
Figuie 1 and a rear face 22 in Figure 2, opposite the front face 20. 

[00 16] The front and i^ar fkces, 20 and 22 respectively have a series of flow divider channels 24 extending 
into thoir sni faces. The flow divider cliaiineb 24 arc generally concootrically disposed and dotine a flow path 
which oxuuds isk a generally radially inward direction trom an inlet 26 through a series of flow dividing 
biimcalions 28. 

[00 ( 7] EacJ^ of the flow dividing bifurcations 28 is located rir a jtjnclurc of the end of a flow dividing channel 
24 and the midpoint of an adjacent, radially inwardly disposed flow dividing channel 24. The direction of melt 
flow is initially from an inlet 26 into the outermost flow divider channel 24 and then througli the flow dividing 
bifurcations 2S into adjacent radially inwardly disposed flow dividing channels 28. Upon parsing through 
each flow dividing bifurcation 28, which are in effect "T" junctions, nx^U flow iij divided inio two generally 
oppositely directed melt flow paihs of similar configuration and therefore similar flow rate. 

[0018] The flow dividing channels 24 disn-ibute melt from the inlet 26 evenly about the mold block 10 which 
is importaiU as a first step in ensuring unifonnity of flow from the mold block 10 into the extrusion passage 16 
about its circumference. 

[OOl Pl I'he How dividing channels 28 terminate in four feed spirals 30 which are radially inward of the flow 
dividing channels 28. Although f^yi' f§^ spirals 30 i11ustrr^rr;d, other numhair. mny bo oolcctiii a§ bc^in^j 
more desirable in some applications, keeping in mind however that the number of flow dividing channels 28 
would have to be selected accordingly. 

[0020] Each fce<l spiral 30 is "fed'' by (ie., fluidly communicates with) two of the flow divider cfcinnels 24 at 
references 3 1 to obtain as consistent as possible a flow of melt into each of the feed spirals 30 by "averaging** 
the melt flow between adjacent flow divider channels 28. 
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[002 1 1 Each feed spiral 30 subsfaatially eeicircles the inner face 14 m a loop of diminishing mdlus and 
breadtlv. The feed spirals 30 are basically channels of diminishing width and breadth, the purpose of wltich is 
10 evenly spread melt over a thia, even layer before; it enters the extrusion passage 16, Using a plurality of 
drcunrfociiutially spaced apart feed spirals 30 evens out the flow from each feed spiral. To further even out 
high and low flow areas, the front and rear faces 20 and 22 have respective feed spirals 30 which curve in 
opposite directions relative to each other as viewed through the melt distribution block 10, 

[0022] It should bo noted that aUhough the feed spirals 30 in Figures 1 and 2 appear to curve in a clockwise 
direction. Figures 1 and 2 depict faces of a melt distribution block 10 which would face away fcona each other. 
Accordingly, if either of Figmes 1 and 2 is flipped over and viewed against a light, ii will becoiniC flppai^jnt thM 
the curve of TJtie toed spirals 30 when viewed "tlirough" the melt disti'tbulion block 10 is j-evcrsed from tliai 
when viewed on its feice. A similar reversal should be notionally taken into account in considering the plan 
views of Figures 3 and 4, 

[0023] As can be seen in Figures 3, 4 and 5, an inlet port 32 extends into the outer face 18 of the meh 
distribution block 10 and fluidly communicates within the inlets 26 of the flow divider channels 24. As 
illustrated, the inlet port 32 feeds the inlets 26 on the front face 20 and rear face 22 of the melt distribution 
block 10. Alternatively, as suggested by dashed line 34 in Figure 5, the inlet port 32 may be divided into 
separate porls, 32a and 32b respectively, to feed different types of taelt to the front and rear faces 20 and 22 
respectively. 

[0024] A melt distribution die according to anotlier aspect of the present invention is general ly indicated by 
reference 40 in Hgure 6. A segment of a melt distribution die 40 is shown in larger scale in Figure 7, ITie 
melt distribution die 40 includes an axially stacked array of melt distribution blocks 10 as described above 
iaterspcrsed with separator blocks 42, extending about a ccnti'al mandrel 44. Tbe extrusion passage 16 is 
defined between the separator blocks 42, melt distribution blocks 10 and tl)e central mandrel 44. 

[0025] The flow divider channels 24 are completely covered by the separator blocks 42 in Figures 6 and 7. 
The feed spij als 30 are not completely covered by virtue of a Rp?5ce h<^iweeji the separator blocks 12 and the 
fi'ont and rear faces 20 .md 72 respectively adjicciit tlit? food spirals 30 lo dcfuie sluwH oullei passage 46 
extending into the extrusion passage 1 6. Melt will therefore overflow ihr ^^dges of the feed sptral5-30 i^fmr. a- - 
film of melt which is continuous about the circumference of ihe melt distribution block 10 at least leading into 
the extrusion passage 16. 

[Of>?fi] In ibo majigemont illuowat^jl, thi h^.d L^k. 20 i<^jci:> wwmd das rear race a<ijacetit the feed spirals 
30 to provide the space for the melt outlet passage 46. Alternatively, the front face 20 and reai^ face 22 may be 
substantially parallel across the jiielt block 10 and the space for the melt outlet passage 46 may be 
accommodated by relieving the corresponding faces of the separator blocks 42. 

[0027] Although two melt distribution blocks 1 0 are illustrated in the stacked array of the melt distribution 
die 40, it will be appreciated by those skilled in such stiuctures that more or loss melt distribution blocks may 
be accormnodated depending on the number of layers required to be co-extruded. 

[0028] Creating multi-layer films requires processing different materials and different layci*s. I'his means ilmi 
dissimilar materials are processed at different temperatures. While not always the case, some materials can be 
damaged or degraded if they ai^e exposed to lemperatures above their respective optimal processing 
temperatures. Whcji a temperature degradeable material in a co-extrusion die is placed adjacent a material tliat 
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is processed at a higher temperature, as is often the case, the hotter processing material will iransfea- thermal 
^ntxgy 10 the heat sensitive material. This will tend to raise the tempeatiture of tlie heat sensitive material acid 
potentially cause its degradation. 

[0029] According to a preferred embodiment of the present invention, the temperature transfer problem may 
be addressed by adding an insulation Layer between adjacent melt distribution blocks 10 to inliibit tl^ermal 
energy transferred bet\veen layers. Figure 8 illustrates one manner in which adjacent melt distj'ibution bloclcs 
10 may be thermally isolated. In the Figure 8 embodiment, one of iJie sopai*ator blocks, indicated by reference 
60, includes an insulating zone 62. According to this embodiment, the insulating zone 62 may be a gap 
between adjacent faces 66 of adjacent parts 64 of the separator block 60. The gap 62 may be formed by 
tnachin'mg at least one of the adjacent faces 66 of the parts 64 of the separator so as to form a recess exlei\<iing 
into the face{s). In Figure 8, corresponding recesses extend into each adjacent fece. It will be appi^ciated 
however that only one of the faces 66 need be provided with a x-ecess to form the gap comprising the insulating 
zone 62, 

[0030] In the Figure 8 embodiment, a spacer 68 is provided between the parts 64 of spacer block 60 
adjaccal the mandril 44 lo provide support and maintain iht parts 64 in a spaced apait relationship. The gap 
which comprises the insulating ^one 62 may extend between the parts 64 and a radially outwai^d face 70 of the 
spacer 68. The spacer 68 may be of a metal, but preferably one with a lower thermal conductivity than that of 
the scpai-ator block 60. 

[003 1] Other approaches to thermal isolation may be used as alternative or in addition to the use of a gap for 
the insulation zone 62. For exainple, a ceramic insulator may be used between the parts 64 e5i])er within or in 
lieu of the gap. 

[0032] I'he above description is intended in an illustrative rather than a restrictive sense. Variations lo the 
exaci structures described may be apparent to those skilled in co-cxtrusion dies without depaiting from the 
spirit and scope of the present invention as defined by the claims set out below. 



[0033] Fig 9 is a plan view of a die-member 80. Groove-* face-A is 
shown, having melt-conveying-channels-A. Groove-face^B lies on the 
opposite side of the die-member, i.e on the underside of the die- 
me!n}:>er ixi the view of Fig 9. The groove-face-B has melt-conveying- 
chaunels-B, which lie exactly underneath the luelt-^conveying- 
charmels-A. That is to say, even if the die-member 80 were made of 
glass, the melt-conveying-channels-B would not be visible in the Fig 9 
view, because they lie underneath the melt-convey ing-channels-A. 

[0034] The melt-conveying-channels-A in Fig 9 include: one entry- 
channel; two divider-grooves; four supply-grooves; eight feed-grooves; 



four start-grooves; and four spiral-grooves - 

[0035] £Mg 10 shows a aimilar plan view of another die-member 82. 
Here, the w?iOle set of melt-conveymg-grooves-A as in Fig 9 is shown 
diagranunatically, in that the set shown in Fig 9 is represented by the 
line-A. In Fig 10^ underneath the die-member 82, luelt-conveying- 
grooves-B are represented by the line^B. 

[0036] In Fig 10, the melt-conveying-grooves-A are staggered, i.e 
circumferontially or orientationally offset, with respect to the aaelt-^ 
conveying-grooves-B* The line-A is spaced, in the circumferential or 
orientational sense, an arc-A relative to a dattxm-point 83 on the 
outer-face 84 of the die-member 82- The line-B lies spaced at an 
arc'-B relative to the datum-point 83, which is different from arc-A- 

[0037] When arc-A and arc-B are almost the same (Fig 10), the 
designer may find it convenient to arrange for both sets of melt- 

convcying -grooves -A and -B to be fed from a single point. So, in this 
case, molt-entry-channel-A 86 and melt-entry-channel-B 87 both open 
into a unitary melt-entry-port 89. A pipe-connector 90 enables the 
port 89 to be connected to a source of hot pressurised melt. 

[0038] When arc-A and arcB differ greatly (Fig 11), preferably the 
melt*entry-port is in two sections, having separate pipe-connectors 
92,93* In this case, the melt-entry-channel^-A 94 is not in 
communication with the melt-entry-channel-B 95* The two separate 
pipe-connoctors 92,93 may be connected, either both to the same 
source, or to two separate sources - which is appropriate, for 
example, if different melts are being fed respectiv<ily to the two sets 
of grooves. 
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{0039] In Fig 9, the spiral-grooves-A hav© an anti-^clockwise spiral 
3enso, when the die-^member is viewed face-on to the groove-face-A* In 
E'ig 9/ 5piral-grooves-B lie exactly underneath, and are therefore 
hidden by, the spiral-grooves-A, whereby the spiral-grooves--B also 
have an anti-clockwise spiral sense, when viewed face-on to groove- 
face-A, (Of course, spiral-gxooves-B^ in that case, have a clockwise 
spiral-sense when viewed face-on to groove-face-B, ) 

[0040] (It may be noted that in Figs 1,2 above (and in Figs 3,4), 

if the die-member there were made of glass, the grooves in the upper 
face would appear not to be in an overlying, and therefore invisible, 
relationship with the grooves in the lower face, but rather the 
grooves in the lower-face would be visible, criss-crossing underneath 
the grooves in the upper face.) 

[00413 In Figs 10,11 the grooves-A and the grooves--B both go 

clockwise, but they do not overlie. In Fig 12, the grooves-A lie in 
the opposite spiral-sense from the grooves-B, and the grooves-A also 
are circumferentially offset from the grooves-B. 

[0042] The configuration in which grooves-A lie exactly over 

grooves-B, as in Fig 9, is less preferred by the designer, because of 
the possibility that some slight unevenness on one face might be 
repeated in the other face, and thus perhaps cause banding to appear 
in the resulting plastic film. Some manner of staggering, or de- 
equalising, the upper and lower grooves is preferred, and the 
configurations of Figs 10,11,12 show alternatives to that of Figs 1,2. 

[0043] It 1,<5 not essential that the melt-conveying-grooves-B 

underneath the die-member be identical to the melt-conveying-grooves-A 
on top. For example, the number M of spiral-grooves^B below need not 
be the same as the number N of spiral-grooves-A above- 
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It 13 easier to ensure that the melt is divided evenly 
between tha apiral-grooves if the number of spiral-grooves is ci 
multiple of two, since then each junction is a simple T- or 
Y- junction. But, if the designer is bound to avoid the restriction to 
a raultiple of two, an incoming-melt channel can be spilt into, say, 
three streams, rather than two, with careful engineering. 

[0045] Fig 13 illustrates a measure that is aimed at ensuring 

evenness in the flow of melt to all the spiral^grooves. Fig 13 
concerns the lands between the melt-conveying-grooves, and especially 
between the spiral-grooves • Two adjacent spiral-grooves, F and G, are 
shown, wSpiral-land-FG is the land lying between spiral-groove-F and 
spiral~groove-G. The spiral-grooves-F and -G receive melt from start-*- 
groove-F and start-groove-G respectively. Base-land-FG is the land 
lying between start--groove-F on the left, start-groove-G on the right, 
spiral-groove-F to the inside, and feed-groove-FG-F and feed- 
groove-FG-G to the outside. (Feed-groove-FG-F and f eed-groove-FG-G 
both receive melt from supply-groove-FG, as shown.) More precisely, 
the base-land-FG is bounded by the edges of the said grooves. 

[0046] The groove-face of the illustrated die-member in Fig 13 is 

overlain by a smooth flat surface, for example by the smooth flat 
undersurface of another die^member stacked above the illustrated die- 
member. The spiral-land-FG is machined to lie well clear of this 
overlying surface; for example, the spiral-land-FG typically is a 
millimetre, or more, clear of the overlying surface. Thus, melt in 
the spiral-grooves spills over the edges of the spiral-grooves, as the 
melt passes inwards, towards the inner-edge of the illustrated groove- 
face , 



[0047] It is recognised that, preferably, the melt should not be 
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allowed to spill over in the region of the base- land- FG. The base- 
land- FG should be clamped tightly against the said overlying surface: 
that is to say, thft ha.<?e-land-FG should not b$ ijlear of the overlying 
surface, such that melt from the feed-grooves-FG-F and -FG-G could 
spill over the base^land-FG, into the spiral-groove-F- 



[0048] The function of the spiral-grooves is to ensure that the 

melt flows as evenly as possible over the inner-edge of the annular 
gronv(»-face^ i.e that the flow ov^r inner-edge ic the oame at 
every point on the circumference of the inner-edge. This evenness-- 
function might be compromised if the melt were allowed to flow over 
the base-land-FG (and, where there are four spiral-grooves, the 
corresponding three other base-lands), since the coniparativc^ly l^rge 
area of the base-land would make it difficult to ensure that all the 
base-lands between the spiral-grooves allowed exactly equal amounts of 
melt to pass. By keeping the base-lands tight against the overlying 
surface, no molt can pass over <4uy ol the base-lands, whereby that 
source of possible unevenness is eliminated. 

[0049] Evenness of melt flow over the inner-edge is very important 
to the quality of the finished plastic film, and designers of blown- 
film extrusion dies strive to ensure that the melt passing into and 
through the spiral grooves is the same for all the spiral-grooves . 

[0050] Thus, the spiral-land-FG is machined away, and lies well 
below the level of the base-land-FG. This difference preferably is 
accommodated by providing a step-FG. The step-FG preferably is at 
least approximately contiguous with, and in line with, the left edge 
98 of the start-groove-G. The step-FG, like the rest of the melt- 
. conveying-channels of the die, should be profiled to avoid impeding 
the flow of melt, and especially to avoid even tiny pockets that might 
cause melt to slow down and hang up. 



[00513 There are several kinds of channels or grooves included In 
the raelt-'Couveying-channels-A as shown in Fig 9. On entering the die- 
meitib(:ir, th© raelt passes first through the f low-divider-grcoves, where 
the incoming flow from the melt-entry-port is divided among four 
supply-grooves, into four separate streams. It might be considered 
that these four streams may be fed straight into the four spiral- 
grooves • However, it is recognised that this direct connection should 
be avoided. Liquid polythene, and many other plastics from which 
blown-film is made, have the unfortunate property that the viscosity 
of the liquid is very temperature-dependent. Even a slight cooling of 
the liquid causes a large increase in viscosity. In a melt-conveying- 
channel, the faster-moving liquid in the middle of the channel tends 
to bo the less viscous liquid, i.e tends to be the hotter liquid, than 
the slow liquid adjacent to the walls of the channel. Thus, the 
cooler portions of the liquid flowing in the channels tend to migrate 
to the walls of the channels, the hotter portions to the centres. As 
a result, the channel can serve, indeed, almost as a temperature 
separator, separating the hot stream in the centre of the channel from 
the surrounding cooler stream on the walls- 

[0052] Attention is directed to patent publication US-5,261,805 
(Gates, Nov 1993) , This patent shows the use of flow-mixing-channels 
to a centre-- fed cylindrical die- Now, it is recognised that flow*- 
mixing-grooves can be provided in an annular flat die, of the kind as 
shown herein, which is fed from a single melt-entry-port on the outer- 
face thereof • In the flow-mixing-grooves, the melt is subdivided and 
recombined, as it flows inwards towards the inner-edge of the die, and 
this can serve to even out some temperature differences. 

[0053] The flow-mixing-grooves are interposed between the four 
supply-grooves and the four spiral-grooves, whereby the grooves convey 
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irislt from the raelt-entry-port in the outer-face inwards first through 
the flow-divider-channels to the supply-grooves, then inwards through 
the flow-mixing-channels-A, then inwards through the spiral-groovcs-A, 
and finally inwards towards the inner-edge-A of the groove-face-A. 

[0054] As shown in Fig 9, the flow-mixing-channels include 
subdlvider- junctions and recombiner-junctions . At the subdivider- 
junctions, the four incoming-streams from the flow-divider-channels 
are sub-divided into respective left and right subdivided-streams. 
The recombiner- junctions lie inwards of the subdivider- junctions^ and 
between adjacent subdivider-^unctions/ in the sense of being 
positioned to receive the subdivided-streams moving inwards from the 
adjacent subdivider- junctions - 

[0055] Each recombiner- junction receives the left subdivided-streaxi\ 
from the adjacent one of the subdivider- junctions to the right of that 
recombiner- junction, and receives the right subdivided-stream from the 
adjacent one of the subdivider-junctions to the left of that 
recombiner- junction. The recombiner- junction combines the said left 
and right subdivided-streams into one recombined-stream respective to 
that recombiner-junction. 

[0056] By this arrangement, the streams from the supply-grooves are 
split, the hot centre portions thereof going to one wall of the feed- 
grooves, and the cold outer portions going to the other wall of the 
feed-groove. When the portions recombine/ in the start-grooves, the 
cold portions now lie to the inside^ and the hot portions to the 
outside, of the start-grooves. As a result^ the melt in the start- 
grooves^ and hence in the spiral-*grooves, tends to have a more even 
temperature profile than the melt in the supply-grooves. 



[0057] The die-members shown in the previous drawings are flat- 

Alternatively, the meit-conveying-grooves may be provided on a convex 
conical surface, in the manner as illustrated, for example, in p^xtent 
publication US-5,779,959 (Tuetsch, July 1998), Conical die-members 
may be provided in a stack, and the concave conical surface of one 
die-member serves as the overlying surface for the melt-conveying- 
grooves provided in the next die-member below, in the stack, 

[0058] Many of the aspects of groove layout as described herein can 

be applied to conical dies. However, it can be difficult to machine 
grooves in a concave (i.e inwards-facing) surface, and therefore 
providing grooves only on the convex side of the die-member is 
preferred, when the die member is conical. 



